We present the discovery of new star clusters in the central plane region (|l| < 30
INTRODUCTION
Star clusters with known distances are considered to be a good tracer of galactic structure. We can map the structure of the Galactic disk and the locations of the spiral arms using the distances to young star clusters. However, we have relied on indirect distance estimating methods such as counting the numbers of stars (e.g. Straizys et al. 2003) or measuring velocities of molecular clouds (e.g. Dame et al. 2001) to describe the structure of distant sites of the Galactic disk. These are because most open clusters with known distances (∼ 2000, 94% of the open clusters in the catalogs; Dias et al. 2002) are located in the solar neighborhood; 78% of the knowndistance open clusters are located closer than 3 kpc from the Sun. This means that it is still difficult to find clusters beyond the solar neighborhood and estimate their distances.
It is expected that a large number of young star clusters are located in the direction of the central Galactic plane region. There are several major disk structures in this direction: the Sagittarius arm, the ScutumCentaurus arm, the Norma arm, and the two endpoints of the Galactic bar. All of these structures are closely related to the formation of stars and clusters. However, only a tip of the entire cluster population can be seen in optical surveys, because they are often associated with interstellar dust and gas. Thus, a large population of the star clusters in the direction of the central Galactic plane region remains to be discovered.
In order to overcome the extinction problem in optical data, Near-Infrared (NIR) data are often used because they suffer much less from the extinction problem than optical data. Among wide-field NIR data, the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) is the most widely used for NIR surveys of star clusters. The great advantage of the 2MASS is that it covers the entire sky. A number of previous studies using the 2MASS data found more than one thousand clusters and cluster candidates around the entire Galactic plane region (Ivanov et al. 2002; Bica et al. 2003b; Dutra et al. 2003; Kronberger et al. 2006; Froebrich et al. 2007 ). However, these clusters are limited only to the relatively bright sample due to the shallow magnitude limit of the 2MASS.
There are two ways to find the faint clusters that could not be found using the 2MASS data. The first is to use NIR survey data deeper than the 2MASS, such as the UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ) and the VISTA Variables in the Via Lactea Survey (VVV; Minniti et al. 2010; Saito et al. 2012) . Several studies using these deep NIR data have found several hundred clusters in total (Borissova et al. 2011; Solin et al. 2012 Solin et al. , 2014 Borissova et al. 2014; Barba et al. 2015) . The second is to use data with longer wavelengths than the 2MASS K s band. This wavelength regime is less affected by interstellar extinction than the 2MASS bands. For example, Mercer et al. (2005) and Morales et al. (2013) used the Spitzer Space Telescope Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003; Churchwell et al. 2009 ) data, which were obtained from images of 3.6µm, 4.5µm, 5.8µm, and 8.0µm filters. They found over one hundred clusters in the Milky Way. However, all of those surveys covered only a part of the Galactic plane.
In this study, we try to find new clusters in the wide area of the central Galactic plane region following the second way. For this purpose, we use the Wide-field Infrared Survey Explorer (WISE) data (Wright et al. 2010) . The wavelength and all-sky coverage of the WISE data allow us to find clusters hidden deep inside the Galactic plane. During this survey, several studies (Majaess 2013; Camargo et al. 2015a Camargo et al. ,b,c, 2016 have reported the discovery of new star clusters and candidates in the Milky Way using the WISE data. However, their findings are mostly located in the second and third Galactic quadrants. Our survey focuses on the Galactic plane region in the first and fourth Galactic quadrants, which have higher extinctions and higher stellar number densities than the second and third Galactic quadrants. We also utilize other infrared data in the archive: the 2MASS, the UKIDSS, the VVV, and the GLIMPSE data.
This paper is organized as follows. In Section 2, we describe the data we used. The search method and the classification of our selected targets are explained in Section 3. We present a list of new clusters found in this survey and describe the properties and spatial distributions of these new clusters in Section 4. In Section 5, we discuss the spatial distribution of the new clusters in comparison with previously known clusters in the survey region. Our primary results are summarized in Section 6.
2. DATA Our main survey data are based on the WISE. The WISE survey covers the entire sky with four filters, 3.3µm (W1), 4.6µm (W2), 12µm (W3), and 22µm (W4). We select a region with |l| < 30
• and |b| < 6
• centered on the Galactic center for our WISE cluster survey, covering a much larger area than previous infrared cluster surveys. We obtain a section image with 90 ′ ×90 ′ field of view from the WISE survey and retrieve 334 such section images for each filter. We display a schematic area coverage of our survey in Figure 1 , in comparison with other surveys (UKIDSS Galactic Plane Survey (GPS; Lucas et al. 2008) , VVV, and GLIMPSE).
The WISE data suffer less extinction problems than the 2MASS. Because of even the W1 band, which has the shortest central wavelength among the four bands of the WISE, has a longer central wavelength than the K s band. However, it is hard to derive the properties of clusters using only the WISE data. The spatial resolving power of the WISE is weaker than that of the 2MASS. The FWHM of point sources is as large as 6 ′′ .1 in the W1 band, which is much larger than that of the 2MASS K s band, 2 ′′ .6. The numbers of point sources detected in images of the W3 and W4 bands are not large enough to derive the photometric properties of clusters. Moreover, the intrinsic (W1-W2) colors of typical stars are almost constant around -0.1. Therefore, other NIR survey data to support the WISE data are needed.
The 2MASS provides useful NIR information through three bands (JHK s ). However, the limiting magnitude of the 2MASS for our survey region is relatively bright, K s ≃ 15 mag. This limit is not faint enough to investigate clusters located deep inside the Galactic plane.
Thus, we also use two NIR surveys deeper than the 2MASS focusing on the Galactic plane: the UKIDSS GPS and the VVV. These two surveys were conducted with 4-m telescopes, so the limiting magnitudes of those surveys are ∼ 3 mag deeper than those of the 2MASS. The UKIDSS GPS covers the first and second quadrant of the Galactic plane: (|b| < 2
• and −2 • < l < 15 • ) and (|b| < 5
• and 15
On the other hand, the VVV covers the fourth quadrant of the Galactic plane: (−10
• < b < 5 • and −10 • < l < 10 • ) and (|b| < 2
• and −65 • < l < −10 • ). These surveys overlap about two-thirds of our survey region.
Additionally, we also use the GLIMPSE data to supplement the WISE data. The effective wavelength of the W1 filter of the WISE is similar to that of the [3.6] filter of the Spitzer telescope. However, the FWHM of the W1 (6 ′′ .1) is much larger than that of the Spitzer, 2 ′′ .0 in the [3.6] band. Hence the GLIMPSE data are more useful than the WISE data for counting the number of sources in the similar wavelength range. However, the GLIMPSE data cover only the |b| < 2
• region.
METHOD
The process of finding star clusters in this study consists of two steps. First, we visually search for cluster candidates in the entire survey region using the WISE W1 images. Second, we classify these candidates based on three criteria: the morphological features seen in the W1 image, the Color-Magnitude Diagrams (CMDs) of stars based on the NIR data, and the Radial number Density Profiles (RDPs) of stars derived from the K s and the W1 band (or the [3.6] band of the GLIMPSE). Details for these procedures are described in the following.
Visual Search for Cluster Candidates
Most of the cluster findings in previous studies focused on the overdense regions found from the catalogs of point sources. Several surveys found overdense regions and removed spurious candidates among them by visual checking (e.g. Mercer et al. 2005; Froebrich et al. 2007; Borissova et al. 2011; Solin et al. 2012; Morales et al. 2013; Borissova et al. 2014; Solin et al. 2014; Barba et al. 2015) . However, this cluster finding method is not much useful in the case of the WISE, because WISE photometry is not deep enough. Therefore, we investigate the morphological features of extended sources including some point sources in the WISE W1 images visually. We use three criteria to find cluster candidates: (1) the apparent size of the candidates, (2) the surface brightness of the candidates, and (3) the apparent angular separation from known clusters in the literature.
First, we choose stellar groups with a radius smaller than 5 ′ as cluster candidates. This size limit is a guideline for our cluster candidate finding. Note that the angular radii of all known globular clusters, known embedded clusters, and 72% of known open clusters appear to be smaller than 5 ′ in the sky (Harris 1996; Lada & Lada 2003; Dias et al. 2002) , regardless of their distances.
Second, we use W1 surface brightness maps to check the cluster candidates. These surface brightness maps are made with W1 images that were smoothed using the Gaussian kernel with 180 ′′ FWHM. This FWHM size for the Gaussian kernel is set to reveal better stellar groups with a few arcmin radius. In fact, known globular clusters and embedded clusters are easily distinguishable in these surface brightness maps. In addition, we focus on the dips in the surface brightness maps. There are some cases that only a few stars embedded in diffuse light are seen around the surface brightness dips. These dips represent severely obscured regions, which may host embedded clusters.
Third, we select cluster candidates that are not overlapped with the known clusters. References of the known clusters are listed in Table 1 . In our survey region, there are 860 known clusters in total, including 38 globular clusters (Harris 1996) , 244 open clusters (Dias et al. 2002) , and 252 embedded clusters (i.e. Dutra et al. 2003; Bica et al. 2003b; Mercer et al. 2005; Borissova et al. 2011; Morales et al. 2013 ).
This cluster candidate selection process is likely to be biased in selecting the groups of NIR-bright stars because of the characteristics of the WISE data. These NIR-bright stars are likely to be red giants, red supergiants, or pre-main sequence stars rather than the NIR-faint main sequence stars. As a consequence, the cluster candidates are likely to be old clusters with welldeveloped red giants, young star clusters with red supergiants, or young embedded clusters showing the infrared excess that comes from pre-main sequence stars.
Classification of the Cluster Candidates
After selecting the cluster candidates, we grade them according to three criteria: morphology, CMDs, and RDPs of the candidates. These criteria and the grading system are described in the following, are shown in Figure 2 , and are summarized in Table 2 .
(i) Morphology. We define two parameters for the quantitative morphology grading that are based on the W1 image. One is the central surface brightness (I W 1 (0); Figure 3 (a)) relative to the background value I W 1,bg . The other is the faint star ratio that is defined as
, where I W 1 and I W 1,bg are the value of a pixel and the median value of the background region (3R cl < r < 3.6R cl ). This f f s represents the spatial coverage of the unresolved stellar light in the cluster region.
The morphological classification using these two parameters is described in Figure 2 (a). We adopt f f s = 0.32 as a reference point for grading because it is the median value of f f s for the globular clusters in our survey area, as shown in Figure 2(b) .
In addition, we classify embedded clusters using the existence of diffuse light seen in the W1 and W3 images of the cluster candidates (Figure 3(b) and (c)). We checked visually any feature of diffuse light around the target object notable in the W1 and W3 images at the same time. These diffuse light in the W1 and W3 images might be originated from the Polycyclic Aromatic Hydrocarbon (PAH) emission features, which is known to be a dust tracer (Wright et al. 2010 ). According to the definition of embedded clusters (Lada & Lada 2003) , the existence of the IR diffuse light is a good indicator of embedded clusters. This embedded classification is independent of the quantitative classification.
(ii) CMDs. We use the K s -(J − K s ) CMD of stars in the cluster candidate region and the background region for grading. The background region is an annular region whose area is 4 times larger than that of the cluster candidate region. We set the inner and outer radii of the background region as 3 and 3.6 times the radii of the cluster candidates, respectively. As an example, the CMDs of Ryu 010 are shown in Figure 4 . We use 2MASS photometry for CMDs. When the UKIDSS GPS or the VVV data are available, we combine them with the 2MASS data. For this case, we use the 2MASS data for stars brighter than K s = 12 mag, and the UKIDSS GPS or the VVV data for fainter stars. We use the two following features in the CMD for grading: the number of stars of the cluster candidate region (N star cluster ; Figure 4 (a)) and the ratio of remaining stars after the statistical background subtraction process (f remaining star ; Figure 4 (c)) that is based on the number difference of stars between the cluster candidate region and the background region (Figure 4(b) ) in the CMDs. The statistical background subtraction process is described in Appendix B.
The CMD classification using those two parameters is described in Figure 2 (c). The distribution of f remaining star depends on the existence of deep NIR data, because faint stars are likely to be removed by the statistical subtraction process. Therefore we adopt two different reference points for grading cluster candidates. The reference points, median values of f remaining star for the globular clusters in our survey area are 0.72 (without deep NIR data) and 0.51 (with deep NIR data), as shown in Figure 2 (d).
(iii) RDPs. It is expected that clusters show a number density excess at the center of the cluster. We derive RDPs in two bands to check the central number density excess: one based on K s band data (2MASS data, UKIDSS GPS, or VVV data), and the other based on the W1 or GLIMPSE [3.6] bands. The central excess is defined as n peak > n bg + 2σ star bg , where the n peak , n bg , and σ star bg are the number density peak in the cluster region, the mean number density of the background region, and the standard deviation of the number density of the background region, respectively. Figure 5 shows an example of RDPs of Ryu 010. In this figure, the central excess is seen in both RDPs.
The radii of clusters are determined using the RDP at the W1 or the [3.6] band, which is the point where the number density drops to the background level. We adopt ±0.2R cl as the radius error for all clusters in common, corresponding to the width of each bin in the RDP.
We grade not only the cluster candidates but also the known clusters in our cluster survey field. For each of the three criteria, the targets are given 0, 1, or 2 points. Then the total points of the cluster candidates are derived by summing up the points. We consider the graded targets with 4 or more total points as clusters and divide these clusters into three classes: A, B, and C for the clusters with 6, 5, and 4 points, respectively. In ad-dition, the embedded clusters with points lower than 4 points are included in class C.
To check the validity of our grading system, we investigate the known clusters covered in our survey regions; there are 38 globular clusters, 244 open clusters, and 252 embedded clusters. The average points of the globular clusters and the open clusters are 4.68 ± 0.93 and 3.30 ± 1.24, respectively. The globular clusters show the highest average point among the known clusters. Almost all globular clusters get 4 or more total points, which means that 89% (34/38) of the globular clusters are recovered by this study. In contrast, the average point of the open clusters means that only 48% of them are recovered. It is because the open clusters are not bright in the NIR regime during most of their lifetime. However, we cannot compare the known embedded clusters with the other clusters by average points due to the different classification criteria. The average point of the known embedded clusters is 3.79 ± 1.49, which is consistent with the value of the open clusters and much smaller than the value of the globular clusters. Nevertheless, it is noted that we classify the embedded clusters by the diffuse light in the cluster region, not by the total points. According to these results, we conclude that our grading system is effective for classifying clusters: old clusters by the total points and embedded clusters by the presence of IR diffuse light.
We also check our grading system using the False Positive Rate (FPR). FPR is derived using 1000 'false samples', which are not clusters but randomly selected field regions. The false sample follows the spatial and size distributions of the new clusters. However, they do not overlap with the new or known clusters. We grade the false sample in the same way as for the new clusters. The average point of the false sample is 1.95 ± 1.05. This value is much lower than the cluster classification criterion. FPR, the ratio of the false sample which get 4 or higher scores to the entire set of the false sample, is 6.4%. This shows that the effect of contamination in our new cluster sample is minor.
4. RESULTS
A Catalog of New Clusters
From the 1722 cluster candidates, we finally select 923 clusters and list them in Table 3 . They consist of 15 class A, 254 class B, and 654 class C clusters. We find that 202 (22%) of these 923 clusters are classified as embedded clusters. The number of embedded clusters in each class is 5 (33%; 5/15), 35 (14%; 35/254), and 162 (25%; 162/654) for the classes A, B, and C, respectively.
We cross-match these new clusters with various sources in the literature: 412 (45%) the Infrared Astronomical Satellite (IRAS) point sources (Beichman et al. 1988) , 767 (83%) the Midcourse Space Experiment (MSX) sources (Egan et al. 2003) , 507 (55%) dark nebulae (Peretto & Fuller 2009; Dobashi 2011; Dutra & Bica 2002) , 201 (22%) young stellar objects (Tóth et al. 2014; Robitaille et al. 2008; Mottram et al. 2007 ), 30 (3%) methanol masers (Pestalozzi et al. 2005; Caswell et al. 2010; Green et al. 2010; Caswell et al. 2011; Sun et al. 2014) , 32 (3%) water masers (Walsh et al. 2014; Sunada et al. 2007; Urquhart et al. 2011 ), 14 (2%) OH masers (Sevenster et al. 1997a (Sevenster et al. ,b, 2001 te Lintel Hekkert et al. 1991) , and 10 (1%) SiO masers (Harju et al. 1998; Yoon et al. 2014; Nakashima & Deguchi 2007) . In Table  4 , we list cross-matching results of the new clusters.
A number of clusters are cross-matched with the IRAS point sources, MSX sources, and dark nebulae. The cross-matching result for these sources is summarized in Table 5 . In the case of the IRAS point sources, 10 (67%; 10/15), 108 (43%; 108/254), and 294 (45%; 294/654) clusters are cross-matched in class A, B, and C, respectively. Most of these IRAS point sources are cross-matched with the embedded clusters; the number of cross-matched sources within the embedded clusters are 4 (80%; 4/5) for class A, 26 (74%; 26/35) for class B, and 126 (78%; 126/162) for class C. The MSX sources show a stronger concentration with the new clusters than the IRAS point sources; 14 (93%; 14/15), 216 (85%; 216/254), and 537 (82%; 537/654) clusters are cross-matched in class A, B, and C, respectively. Moreover, the MSX sources are almost same as the embedded clusters; 5 (100%; 5/5) for class A, 34 (97%; 34/35) for class B, and 157 (97%; 157/162) for class C. In consequence, for dark nebulae, 10 (67%; 10/15), 129 (51%; 129/254), and 368 (56%; 368/654) clusters are crossmatched in class A, B, and C, respectively. Also, those nebulae are coincident with the embedded clusters; 4 (80%; 4/5) for class A, 30 (86%; 30/35) for class B, and 133 (82%; 133/162) for class C.
Sizes of the New Clusters
Although we select cluster candidates with radii smaller than 5 ′ , finally chosen clusters tend to be more compact than this value. The size distribution of the new clusters is shown in Figure 6 . As can be seen, 902 (98%) clusters have radii smaller than R = 3 ′ , and the radii of 823 (89%) clusters are even smaller than R = 2 ′ . The average radius of the clusters is 1 ′ .31 ± 0 ′ .60. In the survey region, small and compact clusters are easier to find visually than large and sparse clusters, because the former suffer from the background star contamination less than the latter. In contrast, the radii of 921 (99.8%) clusters are larger than R = 0 ′ .5. We consider this value of R = 0 ′ .5 is a lower size limit of the cluster classification, because this value is only 5 times of the FWHM size of the W1 images. The clusters smaller than R = 0 ′ .5 are difficult to classify. Figure 7 shows spatial distributions of the entire new clusters in the sky, and Figure 8 and 9 display spatial distributions of the class A+B and class C clusters, respectively. Contour maps of the number density of the entire new clusters (Figure 7(a) ) show a clumpy structure. We divide the entire set of new clusters into two groups, embedded and non-embedded clusters, and investigate their spatial distributions separately. In Figure  7 (b), the embedded clusters show strong concentration around the Galactic plane. They are not continuously distributed along the Galactic plane. There are only a few embedded clusters around the −3
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Case studies of 15 class A clusters using CMDs
We estimate reddenings, distances, and relative ages of 15 class A clusters, of which gray-scale W1 band images are shown in Figure 10 . These physical parameters are determined using the PARSEC isochrone (Bressan et al. 2012; Marigo et al. 2008) , with assumptions of the solar metallicity and the total-to-selective extinction ratio R V = 3.1. We fit visually the cluster sequence with the isochrones on the statistically background-subtracted CMDs. First, the reddening of a cluster is determined on the K s -(H − K s ) CMD. In this CMD, the stellar locus is vertically stretched regardless of the distance and age. Second, the distance to a cluster is determined on the K s -(J − K s ) CMD. In the K s -(J − K s ) CMD, red giant branches (RGB) of old stars or the pre-main sequences are tilted. Therefore, we can estimate the cluster distances from the magnitudes of the tip of the RGB (TRGB) stars for old clusters or from the magnitudes of the pre-main sequence stars for embedded clusters. However, it should be kept in mind that these distances are highly uncertain. For old clusters, it is difficult to determine the precise position of the TRGB because there are only a small number of TRGB stars in an individual cluster. For embedded clusters, the pre-main sequence stars are a less reliable distance indicator than the main sequence stars, because the colors and magnitudes of the pre-main sequence stars vary through the ages.
Only relative age estimation is possible for these clusters. In the case of embedded clusters, we need to consider the following effects to determine their ages from isochrone fitting: the internal age difference, the differential reddening, the distance uncertainty, and the inaccuracy of the stellar evolution model at the premain sequence stage. Because of these reasons, we use 4 Myr isochrones as a reference for the age of the embedded clusters. In the case of old clusters, their turn-off points are too faint to determine ages. Nevertheless, they seem to be older than 800 Myr, because the RGBlike sequence is seen in their CMDs. Therefore we use 10 Gyr isochrones for old clusters generally, except for a few clusters that show subgiant branch stars marginally. For those clusters, we use the 800 Myr and 2 Gyr isochrones.
As a result, we divide the clusters into 5 embedded clusters and 10 old clusters.
The estimated physical parameters are listed in Table  6 . E(B − V ) values range from 0.2 to 5.2, and distances range from 440 pc to 12.6 kpc. We estimate the spatial distribution of the 15 class A clusters on the face-on view of the Milky Way using positions and distances of these clusters as shown in Figure 11 . The embedded clusters are located closer than the old clusters. Due to the faint absolute magnitudes of the pre-main sequence stars, it is difficult to discover distant embedded clusters. In contrast, RGB stars in old clusters are much brighter than the pre-main sequence stars, so we can find old clusters at much larger distances than the embedded clusters.
5. DISCUSSION
Comparison with known clusters
We compare the spatial distributions of the new clusters with those of the known clusters in Figure 12 . The known clusters in the survey region are well concentrated onto the Galactic plane and are found more in the fourth Galactic quadrant, as shown in Figure  12 (a). In contrast, the new clusters are found more in the first Galactic quadrant, as shown in Figure 12(b) . This asymmetric distribution of the known clusters is a selection effect of previous studies. Before this study, only 19 clusters were found in our survey area from the UKIDSS data (Solin et al. 2012) , while 320 clusters were found from the VVV data (Borissova et al. 2011; Moni Bidin et al. 2011; Borissova et al. 2014; Solin et al. 2014; Barba et al. 2015) . There are four peaks in the number density in the distribution of the known clusters, at (l, b) ≃ (−27
• .5, 0
• , 0 • .5), and (−10 • , 0 • ). Among those peaks, the most prominent peak at (l, b) ≃ (−27
• .5, 0 • ) coincides strongly with that of the new embedded clusters shown in Figure 7 (b). This clumpy distribution is similar to the distribution of the new embedded clusters, which would be a common property of young clusters.
Another difference between the spatial distribution of the new clusters and that of the known clusters is shown in Figure 12(b) . Only a small number of clusters were discovered at |b| > 4
• regions because previous studies mostly focused on the Galactic plane. Clusters in that region are open clusters (Dias et al. 2002) , globular clusters (Harris 1996) , and the clusters found by Froebrich et al. (2007) . Most of the new clusters distributed in this high latitude region (except for the Aquila Rift region) may be comparable to the clusters found by Froebrich et al. (2007) , because of the spatial coincidence.
If we assume that the typical radius of embedded clusters is 0.8 pc, which is the average radius of 36 known embedded clusters listed in Lada & Lada (2003) , we can roughly estimate the distances to the known and new embedded clusters. We estimate the distances to the known embedded clusters near the four peaks based on their radii, and describe the distance distributions in Figure 13(a) . Most of the known embedded clusters near the four peaks seem to be located at the ScutumCentaurus arm (∼ 3.1 kpc) and the Norma arm (∼ 4.6 kpc). On the other hand, as shown in Figure 13(b) , most of the new embedded clusters near the five peaks at (l, b) ≃ (−27
• ), and (29 • , 0 • ) seem to be located in the Sagittarius arm (∼ 1.5 kpc) and in the Scutum-Centaurus arm.
Number distributions of the clusters in the Galactic latitude and longitude
We plot the number distributions of the new clusters and known clusters with respect to the Galactic latitude and longitude in Figure 14 and 15, respectively. For this comparison, we use 475 known clusters that satisfy our cluster selection criteria.
Symmetry is seen in the new and known clusters with respect to the Galactic latitude (Figure 14(a)(b)(c) ). The symmetry can be seen in both the embedded clusters (Figure 14(d) ) and the non-embedded clusters (Figure 14(g) ). Also, all new clusters and the known clusters are concentrated and are similarly distributed onto the Galactic plane. For the embedded clusters, the new clusters and the known clusters are concentrated to the Galactic plane as shown in Figure 14 (d) and (f), though the number of clusters and the survey area are different between the known clusters and the new clusters. Due to the small number of the new embedded clusters in class A+B, their concentration onto the Galactic plane is weaker than that of the known clusters (Figure 14(e) ). On the other hand, for the non-embedded clusters, the new clusters are dispersed in the entire survey range of the Galactic latitude, while the known clusters are not, as shown in Figure 14 (g), (h), and (i). This distribution difference between the new and known non-embedded clusters is due to the difference in field coverage: the survey area of this study is much larger than the previous infrared cluster surveys.
There is a weak asymmetry with respect to the Galactic longitude, as shown in Figure 15 . For the new clusters, we find 101 more clusters in the first Galactic quadrant than in the fourth Galactic quadrant so that the number ratio of the new clusters between the two quadrants is 1.25 (=512:411). The class A+B clusters are found more in the fourth Galactic quadrant ( Figure 15 (b)(e)(h)), while the class C clusters are not ( Figure  15(c)(f)(i) ). In contrast, the strong asymmetry is seen in the known clusters, especially in embedded clusters (Figure 15(d)(e)(f) ). The number ratio of the known clusters between the two quadrants, 0.46 (=150:325), is much different from that of the new clusters. However, the number ratio of the combined sample of new clusters and known clusters between the two quadrants is 0.90 (=662:736), as seen in Figure 15(a) . Therefore we suggest that the number distribution of all star clusters along the Galactic plane is roughly symmetric.
SUMMARY
The main goal of this study is to find new star clusters in the central plane region of the Milky Way. In the |l| < 30
• region, we find 923 new clusters. They consist of 15 class A, 254 class B, and 654 class C clusters. Among them, 202 (22%) clusters are classified as embedded clusters. In particular, 45%, 83%, and 55% of the new clusters are strongly correlated with the IRAS point sources, the MSX sources, and the dark nebulae, respectively.
The average angular radius of the clusters is 1 ′ .31 ± 0 ′ .60. More specifically, 902 (98%) clusters are smaller than 3 ′ , and 823 (89%) clusters are even smaller than 2 ′ . It is due to the severe contamination from background stars that prevents finding of large and sparse clusters in the survey region.
We estimate reddenings, distances, and relative ages of the 15 class A clusters using the isochrone fitting. Reddenings and distances are determined at the K s -(H −K s ) CMD and the K s -(J −K s ) CMD, respectively. For these clusters, E(B − V ) values range from 0.2 to 5.2, and distances range from 440 pc to 12.6 kpc. They consist of 5 young clusters and 10 old clusters.
We investigate the spatial distribution of the new clusters. They show a clumpy structure while the entire set of known clusters in the survey region do not. The new clusters are concentrated onto the Galactic plane and distributed symmetrically with respect to the Galactic latitude. The new embedded clusters are more concentrated onto the Galactic plane than the new nonembedded clusters, which are dispersed throughout the entire survey range of the Galactic latitude.
On the other hand, the spatial distribution of the new clusters with respect to the Galactic longitude is asymmetric. The new clusters are populated more at the first Galactic quadrant, because the known clusters, especially the known embedded clusters are populated more at the fourth Galactic quadrant. The overall number ratio, which is counting all of the new clusters and known clusters is 0.90 (=662:736). This shows that the number distribution of all star clusters along the Galactic plane is roughly symmetric.
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APPENDIX

A. CMDS, GRAY-SCALE MAPS, AND RDP OF 15 CLASS A CLUSTERS
We present CMDs, an RDP, and gray-scale maps of Ryu 015 in Figure A1 as an example. A complete figure set for the class A clusters is available in the online journal. The stellar sequence of the cluster in the Galactic plane region is usually contaminated by the background stars so that the subtraction method is especially useful for the clusters we found. The statistical background subtraction from the CMD of a cluster is based on the idea that the member stars of a cluster are located at the different region in the CMD from the background field stars in the CMD.
For each member star of the cluster, we set a magnitude range and a color range to compare the cluster sample with the background sample. The magnitude range is ±0.5 mag from the target star. The color range depends on the standard deviation of the color distribution of stars in the CMD of the cluster region; we use ±0.3σ for the color range of the target star. Within these ranges, we count the numbers of the stars in the cluster region and the stars in the background region. During this counting process, we make a number of subsets of stars in each region for the bootstrap resampling. We also consider the area ratio: the area of our background region is 4 times wider than that of the cluster region.
We define the survival probability of each member star of the cluster using star counts within its magnitude and color ranges. The probability depends not only on the target star but also on its neighbor stars. We perform N boot times of the bootstrap resampling. Therefore, the survival probability is calculated by the following equation:
where N star cluster and N star background are the numbers of the stars within the ranges of the cluster and the background region, respectively. We consider the star is survived from the background subtraction if its survival probability is over 50%.
